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Abstract: Due to the increasing demand of electricity in ever-growing electricity market, it is necessary to observe the nature of load and map the effects of load uncertainties on the operation of power system. These uncertainties have also led to voltage instability which is sooner or later considered to be a fundamental cause of blackouts. The 
distributed generation sources can also be regarded as the source of uncertainties at the load ends of power systems. Along with the load uncertainties, wind turbine generation (WTG) and solar plants have also been used as a source of uncertainties in this paper. The load uncertainties have been incorporated in the system by designing a dynamic load flow program. Corresponding to all uncertain inputs critical case has been identified by the singularity property of load flow jacobian. For the optimal load flow a multi-objective optimization problem aiming to constrained objective function to enhance voltage stability, improve stability index value, reduce system losses and increase reactive reserve margins at generator buses has been formulated. Black hole algorithm has been used to achieve the optimal values of control variables and hence optimal load flow. The aforementioned problem has been tested on standard IEEE-14 bus system.
Keywords: Load uncertainty, distributed generation, Reactive compensation, optimal power flow, BHA. NOMENCLATURE The nondeterministic or uncertain behavior of loads in modern power systems need to be tackled carefully [1] . Under the presence of numerous uncertainties in the power systems the optimal power flow functionality is affected. At present, power system operators and planners are facing problems to maintain voltage stability due to uncertain increasing demand of electricity by the consumers. [2] . The sources of uncertainty in modern power systems includes, ambiguity in generation, transmission, distribution network, distributed generation, loads, energy reserve or economic factors. Alternators, power transmission lines and power transformer's models have been ascertained in [3, 4] . The model of uncertain load in randomness and time-varying distributed property, could be defined by single or many groups of mathematical equations. Precise load modelling has thus become one of the most worrying issue in power system research field [5, 6] . Under the uncertain environment for the proper and smooth functioning of system operation the available control actions must be utilized effectively and up to its maximum limit to ensure the stability and reliability of the system. Sources of uncertainty include fuel price, generation convenience, market forces, capacity of transmission systems, nonlinear load demands, unplanned shedding, weather and other interruptions, etc. these uncertainties can be incorporated in the system by designing a proper probabilistic problem and the shortcomings of deterministic approach can also be overawed [7] . Since the deterministic approach does not account the randomness of the parameters, in such cases for the better handling of these randomness the researchers shifted their approaches from deterministic to probabilistic one. Uncertainties affect the operation of the power system in terms of power transfer capability and voltage stability limits and other operating parameters of the system. The inclusion of load uncertainties by designing a computational feasible method is shown in [9] . Due to the increasing demand of electricity and consequently the penetration of distributed generation [6] [7] [8] [9] , it has now also become imperative that these renewable energy resources are modelled along with loads. Solar photovoltaic (PV) installations is growing rapidly and affecting load profiles as it replaces a part of the load and/or is as added to production units of distribution system. PV penetration affect the voltage profile, stability, and operation of system [20, 21] . In this paper a dynamic load flow model is has been developed to account the randomness of load uncertainties over a certain period of time [8] . Various modern optimization techniques have been used for solving the complex problem given in [10, 11] . Black Hole optimization (BHA) technique proposed in [11] is the modified swarm optimization technique is being widely used for solving engineering optimization problem. A voltage stability enhancement analysis under the presence of load uncertainties and distributed generation has been carried out in this paper. A multi-objective optimization problem has been designed aiming to minimize the voltage deviation, L-Index and line losses has been designed in this paper and reactive shunt compensation has been used as control variable. The effectiveness of the proposed technique has been observed by calculating the voltage benefit factors, loss benefit factors and improvement in total reactive reserve in the system [16] . Deviation from base loading at different buses, normally distributed and exponentially distributed load models have been used in this paper [16] . Wind Turbine Generator (WTG) and Solar photovoltaic system have also been modelled in this paper to account the effect of uncertainties due to distributed generation. The stability index (minimum eigen value of load flow Jacobian matrix) has been used as an indicator to identify the critical or adverse case under the given sets of uncertain conditions. After identifying critical case black hole optimization technique has been employed to find optimum value of control variable (VAR compensation) which satisfies the objective functions and all the operating limits. The proposed technique has been implemented on IEEE-14 bus system.
A. Parameters
In this paper the overview of Black hole optimization is given in section II. Uncertain load, WTD and solar modelling have been done in section III. Section IV covers the methodology and problem formulation of the proposed problem. Results have been shown in section V and the conclusions are given in the last section.
II. BLACK HOLE OPTIMIZATION

A. Overview
A. Hatamlou [11] has proposed the modified population-based optimization technique inspired from the 'Black Hole' phenomenon. In the journey of a star towards the blackhole, there may be a probability of crossing the event horizon. The stars or candidate solutions which crosses the event horizon they are sucked by the black hole. The black hole optimization problem is formulated as follows:
are the locations of the star at iterations 't' and 't+1', respectively and BH r is the location of the black hole in the search space, ' rand ' is a random number in the interval [0 -1] . N is the number of stars (candidate solutions). Every time a candidate (star) dies, it is sucked in by the black hole, another candidate solution (star) is born and distributed randomly in the search space and starts a new search. In the BHA algorithm the event horizon radius is calculated by following equation:
Where ' BH f ' is the fitness value of the black hole and ' fi' is the fitness value of the ' th i ' star. When the distance between a candidate solution and the black hole (best candidate) is less than R, that candidate is collapsed and a new candidate is created and distributed randomly in the search space.
III. UNCERTAIN LOAD, WTG AND SOLAR MODELLING
A. Normally distributed uncertain load Various load models are given in [12, 13, 14, 15] . The normally distributed load modelling is done as follows:
(3)
Bus no. 9 is selected for this modelling (with µ 1 =30 and σ 1 =10, µ 2 =17 and σ 2 =5) and m, n is a (48x1) array. The real and reactive load variations are shown in figures 1 to 4. 
B. Exponentially distributed uncertain load
The exponentially distributed uncertain load can be modelled as follows [16] : 
C. Deviation from base case loading
Load at bus no. 10 is varying from rated to 150% of rated load values and the modelling is done as follows: 
D. Modelling of wind turbine generator
The power generated by (WTG) is a direct function of air velocity and it consumes the reactive power from the grid at the same time [17] . WTG modelling are presented in [18] [19] . The operating power factor of WTG is assumed to be constant at (0.95 lag). Placement of WTG units depends on the air flow and other physical parameters. Here bus no. 4 and 7 are chosen as candidate buses for the placement of WTG units. Solar photovoltaic (PV) installations are growing rapidly and affecting load profiles as it replaces a part of the load and/or is as added to production units of distribution system. PV penetration affect the voltage profile, stability, and operation of system. The electricity generated by a solar photovoltaic system can be estimated as follows: [20] [21] and irradiance variation is taken from [21] . Active power generation at bus 14 where solar generator has been installed is shown in figure 13 . Solar array area = 158 m 2 and r=14%. 24 
IV. METHODOLOGY
Following methodology has been adopted:
(1) Load models for selected load buses have been developed and are incorporated in a dynamic load flow program.
(2) WTG and solar photovoltaic modelling have been done for including the effect of distributed generation.
(3) Run the load flow program for all the dynamic input values and observe the minimum eigen value of load flow Jacobian (exclude those results on which load flow did not converge).
(4) After identifying the critical case an optimization problem based on 'Black Hole Algorithm' has been designed for maintaining system voltage stability and improving the performance of the system.
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ISSN: 2278-3075, Volume-9 Issue-3, January 2020 Fig. 13 : Solar power output (5) candidate buses for the placement of reactive shunt compensating units (SVCs) have been found out by L-index (bus) values [22] . L-index varies between 0 to 1. If the index value of any bus approaches to unity means that bus is operating near its stability limit. The buses having the higher values of indexes are chosen as candidate buses. L-index If the L-index approaches to unity means system is approaching towards voltage instability and consequently voltage collapse state.
Where:
L is the set of load buses and G is the set of generator buses and F ki is the subset of hybrid matrix, which has been generated by Y-matrix. Stability condition lies between 0 < L-index < l
V. PROBLEM FORMULATION
Objective Functions
Minimum voltage deviation
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Subjected to
Equality constraints
Inequality Constraints
The uncertainties can be limited by following: 
Voltage benefit factor and loss benefit factors [16] have also been calculated for checking the effectiveness of the control action:
VI. RESULTS AND DISCUSSIONS
Base case load flow results and L-Index for buses of IEEE-14 bus system are shown in Table- I. [22] , and developed by Jasmon and Lee [23] . The L-index of any branch connected between buses i and j can be expressed by eq. (29)
(29) L-index values have been calculated by eq. (29) and are given in table II. These values are calculated for base case to obtain the optimum locations for the placement of WTG. Buses 4 & 7 which connect the line 8 are chosen as candidate buses for the placement of WTGs because L-index value of line 8 is highest amongst all the line values. Corresponding to all uncertain inputs mentioned in section-III of this paper, the critical case has been identified by observing the minimum eigen value of load flow jacobian in each dynamic alteration. Figure 14 shows the variation of minimum eigen value of load flow jacobian. Minimum eigen value encountered is 0.5507 and corresponding load flow results are given in figure 18 . The load flow results after the optimization are given in table-V and noteworthy changes have been observed on the voltage magnitudes, L-index, losses and reactive reserve of the system. 
VII. CONCLUSION
The handling, representation and consequences of load uncertainties have been discussed in this paper. Along with uncertain loads distributed generations have also been considered as a source of load uncertainties. An optimal power flow has been achieved by designing a multi-objective optimization problem to improve system voltage stability and reduce the real power losses has been proposed in this paper. An optimal load Black Hole optimization algorithm has been used to solve the proposed problem. The propose technique has been implemented on IEEE-14 bus system.
APPENDIX
Air flow and Solar irradiance [24] S.no. Air flow (m/s) 
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